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In semiconductor manufacture, a single semiconductor die (or chip) is typically 
mounted within a sealed package. In general, a typical package protects the die from 
damage (e.g., breakage, physical abuse, etc.) arid from contaminants in the surrounding 
environment (e.g., moisture, dust particles, etc.). In addition, the package provides a lead 
system for connecting electrical devices of the die to a printed circuit board or other 
external circuitry. 

Each die has a lower surface (also referred to as the back of the die) that is devoid 
of circuitry, and an upper surface (also referred to as the face of the die) having 
integrated circuitry constructed thereon. The integrated circuitry is electrically accessible 
via die wire bonding pads which may be arranged in a variety of configurations on the 
face or edges of the die. 

Typically, an initial component in the packaging process is a leadframe. The 
leadframe is a metal frame which supports several dice for packaging and provides the 
leads for a final semiconductor package. A typical leadframe strip is adapted to mount 
several semiconductor dice. 

In one conventional packaging process, each die is attached to a mounting paddle 
of the leadframe utilizing an adhesive layer. The adhesive layer is typically formed from 
an adhesive composition including an epoxy, an acrylic, a silicone or a polyimide 
material located between the bottom surface of the die and an upper surface of the 
mounting paddle. Also, during the packaging process, bond pads formed on the die are 
electrically connected to the leads of the leadframe using bond wires. Following the 



application of a protective layer, for example polyimide, to the face of the die, it and a 
portion of the leadframe to which it is adhered is encapsulated in a polymeric material. 
Similarly, all other die-leadframe assemblies on a leadframe strip are encapsulated 
resulting in encapsulated interconnected packages, i.e., interconnected by way of the 
leadframe. After encapsulation, a trim and form operation separates the interconnected 
packages. Leads of each package are also shaped into a desired configuration. 

Attempts have been made to increase circuit densities and to improve packaging 
technologies. For example, some high density circuits, such as 16 mega bit memory 
devices, use lead-on-chip (LOC) packaging technology. A known lead-on-chip (LOC) 
semiconductor package is described in U.S. Patent No. 4,862,245 (Pashby et al.). In 
general, a LOC die package is formed with a leadframe that does not include a mounting 
paddle for mounting the die. In the LOC die package, lead fingers of the leadframe are 
not only for electrical attachment to the bond pads of the die via bond wires but also 
adhere to the face of the die and support the die during processing. Prior to 
encapsulation, the die, in effect, is mounted to the lower surface of lead fingers. This 
configuration provides improved heat transfer from the die and shortens the length of the 
bond wires. In addition, this configuration enhances the reliability of the package seal. 

One method of attaching and wire bonding a LOC die to an LOC leadframe is 
known as area wire bonding or A-wire bonding. When A-wire bonding is automated, the 
method typically includes attaching a double-side adhesive tape to the bottom surface of 
the leadframe fingers. Typically, the double-sided adhesive tape includes a thermoset 
adhesive on two opposing surfaces of the tape. The face of the die is then attached to a 
tape surface opposite the leadframe fingers. Generally, attaching the face of the die to 
the tape surface is accomplished in the presence of heat and pressure. The die-tape- 
Ieadframe fingers construction is then heated in an oven to cure the thermoset adhesive. 
After the adhesive is cured, the leadframe is transferred to a wirebonder machine that 
connects the bond wires to the bond pads on the die and to the lead fingers of the lead 
frame. Holes through the adhesive tape allow the bond wires to attach to the bond pads 
on the die. 

In general, an A-wire process is relatively expensive and complicated. For 



example, the double-sided adhesive tape used in the process is an expensive component 
because the tape must have an accurate configuration and must be precisely attached to 
the leadframe fingers for each die to be attached. This is a delicate oiocess and requires 
precise indexing of the die and precise alignment of the adhesive tape with the die and 
the leadframe fingers. Moreover, any irregularities (such as buckles, gaps, wrinkles, etc.) 
in the adhesive tape during attachment to the leadframe fingers tends to cause voids and 
adhesion problems during attachment of the die, which may ultimately result in the 
production of a defective product. 

In another packaging method, a lead-under-chip (LUC) die may be attached to 
leadfingers of a leadframe. For example, a tape adhesive on the back of the die or on the 
leadfingers, along with positioning the die on the lead fingers, results in attachment of the 
die to the leadframe. 

Additionally, because the tape requires an accurate configuration primarily based 
on the die configuration, many tape configurations (which can vary in tape width, hole 
patterns, etc.) are required to be stocked by semiconductor manufacturers. This also adds 
to the expense and complexity of the process. Furthermore, when hole patterns are 
punched out, a large amount of tape is wasted in the process. 

Yet another packaging method includes attaching a semiconductor die to a 
leadframe as described in U.S. Patent No. 5,286,679 (Farnworth et al.). The method 
includes forming a patterned layer of a thermoplastic or thermoset adhesive to one 
surface of a semiconductor wafer. Individual dice are then singulated from the wafer. 
During packaging, each adhesive coated die is attached to lead fingers of a leadframe by 
heating the adhesive layer and pressing the lead fingers, adhesive and die together. This 
heating process is sufficient to cure the adhesive layer formed from a thermoplastic 
material. However, when the adhesive layer is formed from a thermosetting material, a 
separate heating step is required for curing. 

Thus, whether adhesive tapes, thermoplastic adhesives or thermoset adhesives are 
used, heat, typically at a temperature of about 300°C or more, is generally supplied to the 
leadframe-adhesive-die interface during packaging which adds cost, time and equipment 
to the packaging process. 



Summary of the Invention 

In view of the foregoing, there is a need in the semiconductor art for an improved 
adhesive and methods for using such an adhesive in packaging applications. 
Accordingly, the present invention is directed to a method for forming a pattern of 
adhesive on a wafer, a method of attaching a semiconductor die to a leadframe, a method 
of making a semiconductor package, a semiconductor package and an adhesive 
composition suitable for use in packaging applications. 

One aspect of the present invention provides a method for applying an adhesive to 
a wafer. Preferably, the method includes the steps of providing a wafer having a surface; 
and applying an instant setting adhesive composition on the surface of the wafer in a 
configuration wherein a plurality of portions of the surface have the instant setting 
adhesive composition applied thereon, and further wherein one or more zones of the 
surface are essentially free of the instant setting adhesive composition. 

The method may also include the step of singulating the wafer to form at least one 
die having the instant setting adhesive composition on at least a portion thereof. The 
zones may include singulation streets or regions having exposed bond pads. 
Additionally, the method may further include the step of applying an adhesion promoter 
to the surface of the wafer prior to applying the instant setting adhesive composition. 

Another aspect of the present invention provides a method for applying an 
adhesive to a wafer. Preferably, the method includes the steps of providing a wafer 
having a surface; and applying an instant setting adhesive composition on the surface of 
the wafer in a configuration wherein a plurality of portions of the surface have the instant 
setting adhesive composition dispensed thereon and one or more zones that are 
essentially free of the instant setting adhesive composition, wherein the instant setting 
adhesive composition has a thixotropic index from about 4 to about 6. Preferably, the 
one or more zones include singulation streets and regions having exposed bond pads and 
further comprising singulating the wafer along the singulation streets to form at least one 
die having the instant setting adhesive coated on at least a portion thereof. 

According to the present invention, an instant setting adhesive composition is also 
provided. As utilized herein, the instant setting adhesive composition includes an 



adhesive component selected from the group of a cyanoacrylate adhesive, an anaerobic 
acrylic adhesive, and mixtures thereof; and at least one optional additive selected from 
the group of a thermal stabilizer, a thickener, a plasticizer, a toughener, a conductive 
filler, a dielectric additive, a moisture stabilizer, a curing inhibitor, an adhesion promoter, 
a storage stabilizer, a colorant, and an organic solvent. The instant setting adhesive 
composition preferably has a thixotropic index from about 4 to about 6. Additionally, the 
instant setting adhesive composition preferably has a thermal degradation temperature of 
about 300°C or more. 

In one embodiment of an instant setting adhesive according to the present 
invention, the instant setting adhesive composition includes a cyanoacrylic adhesive 
component including a monomer of the formula: 



wherein R is selected from the group of a C,^ alkyi, a cycloalkyl, an alkenyl, an alkynyl, 
a cycloalkenyl, an alkaryl, an aralkyl, and an aryl group. Preferably, R is selected from 
the group of a methyl group, an ethyl group, an n-propyl group, an isopropyl group, an n- 
butyl group, an isobutyl group, a pentyl group, a hexyl group, an allyl group, a methallyl 
group, a crotyl group, a propargyl group, a cyclohexyl group, a benzyl group, a phenyl 
group, a cresyl group, a 2-chlorobutyl group, a trifluoroethyl group, a 2-methoxyethyl 
group, a 3-methoxybutyl group and a 2-ethoxyethyl group. 

In another embodiment of an instant setting adhesive composition according to 
the present invention, the instant setting adhesive composition includes a cyanoacrylate 
adhesive component comprising a monomer of the formula: 
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wherein R is selected from the group of a C,^ alkyl, a cycloalkyl, an alkenyi, an alkynyl, 
a cycloalkenyl, an alkaryl, an aralkyl, and an aryl group; and at least one optional 
additive selected from the group of a thermal stabilizer, a thickener, a plasticizer, a 
toughener, a conductive filler, a dielectric additive, a moisture stabilizer, a curing 
inhibitor, an adhesion promoter, a storage stabilizer, a colorant, and an organic solvent. 
Preferably, the instant setting adhesive composition has a thixotropic index from about 4 
to about 6. Additionally, the instant setting adhesive composition preferably has a 
thermal degradation temperature of about 300°C or more. 

Yet another aspect of the present invention provides a method for use in 
packaging a die. Preferably, the method includes the steps of providing a die; providing 
a leadframe; and using an instant setting adhesive composition to attach the one or more 
dice to a portion of the leadframe. Preferably, the instant setting adhesive composition 
includes an adhesive component selected from the group of a cyanoacrylate adhesive, an 
anaerobic acrylic adhesive, and mixtures thereof and further wherein the instant setting 
adhesive composition has a thixotropic index from about 4 to about 6. 

Preferably, the die includes the instant setting adhesive composition applied 
thereon. The instant setting adhesive composition can be applied on a variety of portions 
including at least a portion of the leadframe; a back surface of the die; and at least a 
portion of a face surface of the die, which can be exposed die bond pads. 

Another aspect of the present invention provides a method for use in packaging a 
die. Preferably, the method includes the steps of providing a die; providing a leadframe; 
and using an instant setting adhesive composition to attach the one or more dice to a 
portion of the leadframe under pressure and a temperature of about 200°C or less. 

The methods according to the present invention can further include a variety of 
additional steps. For example, the method can include the steps of using an instant 
setting adhesive composition comprising a conductive filler to form a heat sink; and 
attaching the heat sink to a portion of the die or the leadframe, preferably wherein the 
heat sink is attached to the package. The method can also include applying an 
encapsulant on portions of the die attached to the leadframe, wherein the encapsulant 
comprises an instant setting adhesive composition. Likewise, the method can further 



include using the instant setting adhesive composition comprises attaching a plurality of 
lead fingers of the leadframe to the die. Preferably, the lead fingers include the instant 
setting adhesive composition applied on at least a portion thereof. The method may also 
further include the step of using the instant setting adhesive composition comprises 
5 attaching the die to a mounting paddle. Preferably, the mounting paddle includes the 
instant setting adhesive composition applied on at least a portion thereof. 

Additionally, the methods may further include the step of applying an encapsulant 
on portions of the die attached to the leadframe. Preferably, the encapsulant includes an 
instant setting adhesive composition. The method may also include the step of using the 
10 instant setting adhesive composition comprises attaching a plurality of lead fingers of the 
leadframe to the die, wherein the lead fingers include the instant setting adhesive 
composition applied on at least a portion thereof. 

□ 

Yet another aspect of the present invention provides a method for attaching a 
*f semiconductor die to a leadframe. The method includes providing an instant setting 

H» 15 adhesive composition including an adhesive component selected from the group of a 
cyanoacrylate adhesive, an anaerobic acrylic adhesive, and mixtures thereof and, 
preferably, applying the instant setting adhesive composition on at least a portion of a 



□ wafer including a plurality of dice. The method also includes the steps of singulating 
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^ dice from the wafer; and attaching a die having the instant setting adhesive composition 
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d 20 applied on at least a portion thereof to a portion of a leadframe. The method may also 

Q 

fy include the step of attaching the die on a portion cf the leadframe. Preferably, attaching 

the die on a portion of the leadframe includes positioning a portion of the die having the 
instant setting adhesive composition thereon adjacent to the portion of the leadframe; and 
applying pressure at an elevated temperature to attach the die to the leadframe. More 

25 preferably, the elevated temperature is about 200°C or less. 

A further aspect of the present invention provides a method for attaching a 
semiconductor die to a leadframe. Preferably, the method includes dispensing an instant 
setting adhesive composition on the leadframe, wherein the instant setting adhesive 
composition includes an adhesive component selected from the group of a cyanoacrylate 

30 adhesive, an anaerobic acrylic adhesive, and mixtures thereof. The method also includes 
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placing the die in contact with the instant setting adhesive composition; and forming a 
bond between the die and the leadframe with the instant setting adhesive composition. 
The method may also include the additional step of applying a catalyst to the leadframe, 
die or to the instant setting adhesive composition prior to forming the bond between the 
5 die and the leadframe. In the method, the leadframe may be a mounting paddle or a lead- 
on-chip leadframe. 

Yet a further aspect of the present invention provides a method for attaching a 
semiconductor die to a leadframe including the steps of providing the leadframe with a 
mounting paddle and dispensing an instant setting adhesive composition on the mounting 

10 paddle. The method also includes placing a die in contact with the instant setting 

adhesive composition; and applying pressure at a temperature of about 200°C or less to 
bond the die to the leadframe with the instant setting adhesive composition. 

Another aspect of the present invention provides a method for attaching a lead- 
on-chip semiconductor die to a lead-on-chip leadframe. Preferably, the method includes 

15 providing the leadframe with a plurality of lead fingers configured to form a die 

mounting area and dispensing an instant setting adhesive composition on the lead fingers 
in the die mounting area, said adhesive material comprising an adhesive component 
selected from the group of a cyanoacrylate adhesive, an anaerobic acrylic adhesive, and 
mixtures thereof and an electrically insulating filler. The method also includes the steps 



20 of placing the die in contact with the instant setting adhesive composition; and forming a 
hJ bond between the die and the lead fingers with the instant setting adhesive composition. 

Preferably, the method further includes the step of applying a catalyst to the lead fingers, 
die or the instant setting adhesive composition prior to the placing step. 

In the methods according to the present invention above, the dispensing step 
25 preferably includes a method selected from the group consisting of screen printing, 
depositing and patterning, syringe applying, stenciling, dip coating, spraying, dot 
shooting, and combinations thereof. Alternatively, the step of dispensing the adhesive 
material includes forming a pattern of dots. 

The present invention also provides a semiconductor package including one or 
30 more leads; a die including one or more die bond pads electrically connected to the one 
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more leads; and an adhesive layer between at least a portion of the one or more leads and 
the die, the adhesive layer formed from an instant setting adhesive composition. The 
adhesive layer can be between a back side of the die and the at least one portion of the 
one or more leads or between a face side of the die and the at least one portion of the one 
or more leads. Preferably, the face of the die includes at least one bond pad connected to 
the one or more leads. Additionally, the semiconductor package may also include a heat 
sink attached to a portion of the die, wherein the heat sink is formed from an instant 
setting adhesive composition. The heat sink may be attached to a portion of the package. 

Another aspect of the present invention provides a semiconductor package 
including a singulated portion of a leadframe including a mounting paddle and a plurality 
of trimmed lead fingers; a die; and an instant setting adhesive composition attaching the 
die to the mounting paddle. 

Yet another aspect of the present invention provides a semiconductor package 
including one or more leads; a die including bond pads electrically connected to a portion 
of the one or more leads; and an adhesive layer between at least a portion of the one or 
more leads and the semiconductor die. Preferably, the adhesive layer is formed from an 
instant setting adhesive composition including a cyanoacrylate adhesive component 
comprising a monomer of the formula: 



wherein R is selected from the group of a alkyl, a cycloalkyl, an alkenyl, an alkynyl, 
a cycloalkenyl, an alkaryl, an aralkyl, and an aryl group; and at least one optional 
additive selected from the group of a thermal stabilizer, a thickener, a plasticizer, a 
toughener, a conductive filler, a dielectric additive, a moisture stabilizer, a curing 
inhibitor, an adhesion promoter, a storage stabilizer, a colorant, and an organic solvent. 
Preferably, the instant setting adhesive composition has a thixotropic index from about 4 
to about 6. Additionally, the instant setting adhesive composition preferably has a 
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thermal degradation temperature of about 300°C or more. 

The semiconductor packages in accordance with the present invention may also 
include an encapsulant formed from a composition comprising a component selected 
from the group of a cyanoacrylate adhesive, an anaerobic acrylate adhesive, and mixtures 
thereof. 

These and other objects, features and advantages of the present invention will be 
apparent from the following description of various embodiments and as illustrated in the 
accompanying figures. 

Brief Description of the Drawings 

Figure 1 A is a schematic plan view with parts removed from a leadframe having a 
semiconductor die attached thereto in accordance with the present invention; 

Figure IB is a cross sectional view taken along section line IB-IB in Figure 1A 
illustrating a semiconductor package constructed in accordance with the present 
invention; 

Figure 2A is a schematic plan view of a semiconductor die illustrating one 
preferred applying pattern of an adhesive composition in accordance with the present 
invention; 

Figure 2B is a schematic plan view of a mounting paddle of a leadframe 
illustrating another applying pattern of an adhesive composition in accordance with the 
present invention; 

Figure 3 is a schematic block diagram of a system adapted to perform one 
preferred embodiment of a method in accordance with the present invention; 

Figure 4 is an exploded perspective view of a LOC leadframe with an LOC die in 
accordance with the present invention; 

Figure 5 is a perspective view of a packaged LOC die in accordance with the 
present invention; 

Figure 6 is a plan view of a semiconductor wafer with a patterned adhesive 
composition applied thereon in accordance with the present invention; 

Figure 7 is a side elevation view taken across line C-C of the semiconductor 
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wafer shown in Figure 6; 

Figure 8 is a plan view of an LOC die separated from the wafer of Figure 6 and 
having an adhesive composition applied in accordance with the present invention; 

Figure 9 is a side elevation view taken across line D-D of the die shown in Figure 

8; 

Figure 1 OA is an enlarged cross sectional view showing attachment of lead 
fingers and bond wires to an LOC die in accordance with the present invention; 

Figure 10B is an enlarged cross sectional view showing attachment of lead fingers 
and bond wires to an LUC die in accordance with the present invention; 

Figure 1 1 A is a schematic view showing one preferred method for applying an 
adhesive composition on a surface of a wafer or die in accordance with the present 
invention; 

Figure 1 IB is a schematic view showing one preferred method for applying an 
adhesive composition on a surface of a wafer or die in accordance with the present 
invention; and 

Figure 12 is a schematic plan view showing another preferred embodiment of the 
placement of an adhesive composition on lead fingers of a leadframe. 

Detailed Description of the Preferred Embodiments 

Adhesive Composition 

One preferred adhesive composition comprises an instant setting adhesive 
composition. As used herein, the term "instant setting" refers to the time required for the 
adhesive composition, once it is applied to a surface, become non-flowable such that the 
adhesive composition retains the discrete pattern in which it was applied. In general, the 
time required for the adhesive composition to set is about 0.10 seconds to about 120 
seconds. Preferably, the adhesive composition is instant setting at a temperature from 
about 20° C to about 30° C and at ambient atmosphere. More preferably, the time for the 
adhesive composition to become non-flowable is about 0.10 seconds to about 60 seconds. 
Thus, an instant setting adhesive composition does not require additional energy input, 
such as heat or radiation (e.g., ultraviolet light or electron beam radiation), for application 
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of the adhesive composition to a surface of a substrate. As used herein, "cure" or "cured" 
refers to a state of an adhesive composition wherein sufficient crosslinking, chain 
extending, or both (also referred to herein as "polymerization"), has occurred such that a 
useful bond can no longer be formed with the adhesive composition. In contrast, and in 
general, thermoplastic materials are typically heated to soften the thermoplastic material 
for application to a surface. Upon cooling to room temperature, the softened 
thermoplastic material typically returns to its original condition. Additionally, 
theromsetting materials are those that cure irreversibly upon heating. 

An instant setting adhesive composition according to the invention includes an 
adhesive component selected from the group of a cyanoacrylate adhesive; an anaerobic 
acrylic adhesive; and mixtures thereof. A preferred instant setting adhesive composition 
comprises a cyanoacrylate adhesive component. In general, cyanoacrylate based 
adhesive compositions are a one part system which obviates the need for metering and 
mixing additional components for polymerization or curing of the adhesive composition. 
Cyanoacrylate based adhesive compositions generally do not require the presence of 
organic solvents which eliminates the time, expense and potential environmental hazards 
posed by conventional adhesive compositions containing organic solvents that must be 
evaporated during polymerization or curing. Thus, cyanoacrylate adhesive compositions 
are typically substantially totally reactive. Other advantageous characteristics include 
high bond strength formed after polymerization or curing and solvent resistance of the 
polymerized adhesive composition. 

A cyanoacrylate adhesive composition preferably includes a monomer having the 
following general formula: 



wherein R is selected from the group of a C,. 6 alkyl, cycloalkyl, alkenyl, alkynyl, 
cycloalkenyl, alkaryl, aralkyl, or aryl group. Optionally, any of the above listed groups 
may be substituted with a non-basic group, such as oxo, halo, silicon, and ether oxygen, 
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so long as these substitutions do not interfere with the stability and adhesion of the 
adhesive composition. Preferable R groups are selected from the group of a methyl 
group, an ethyl group, an n-propyl group, an isopropyl group, an n-butyl group, an 
isobutyl group, a pentyl group, a hexyl group, an allyl group, a methallyl group, a crotyl 
group, a propargyl group, a cyclohexyl group, a benzyl group, a phenyl group, a cresyl 
group, a 2-chlorobutyl group, a trifluoroethyl group, a 2-methoxyethyl group, a 3- 
methoxybutyl group and a 2-ethoxyethyl group. Cyanoacrylate adhesives are 
commercially available from Loctite Corporation, Rocky Hill, Connecticut, for example, 
under the trade designations 410 and 416. 

Another preferred instant setting adhesive composition includes an anaerobic 
acrylic adhesive component. An anaerobic adhesive compositions are those that cure in 
the absence of oxygen, even in the absence of oxygen in the ambient atmosphere. 
Typically, anaerobic adhesive compositions cure in the presence of a metal and exposure 
to free radicals. More preferred anaerobic adhesive compositions include low molecular 
weight polyfunctionai methacrylates, such as described in U.S. Patent No. 4,309,526 
(Baccei). 

Thixotropic Characteristic 

Conventional instant setting adhesive compositions typically do not possess 
sufficient thixotropic characteristics for semiconductor applications, such as packaging 
assembly, particularly when the semiconductor application is automated. Preferably, an 
instant setting adhesive composition in accordance with the invention has a thixotropic 
characteristic such that the adhesive composition can be dispensed in a discrete pattern. 
By "discrete pattern," it is meant that after the adhesive composition is dispensed in a 
desired configuration, the adhesive composition substantially maintains the configuration 
in which it was applied without the need for any additional barriers or steps to prevent 
the borders of individual adhesive composition portions from mingling thus, rendering 
the configuration indeterminate. Preferably, applying the adhesive composition is 
accomplished by a method selected from the group consisting of screen printing, 
depositing and patterning, syringe applying, stenciling, dip coating, spraying, dot 
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shooting, and combinations thereof. Alternatively, the step of dispensing the adhesive 
material includes forming a pattern of dots. 

One preferred way to determine the thixotropic characteristic is by a thixotropic 
index. As used herein, "thixotropic index" is defined as a viscosity measurement taken at 
a spindle speed of 0.5 rpm divided by a viscosity measurement taken at a spindle speed 
of 5 rpm. Viscosity measurements are generally determined by employing a Brookfield 
Viscometer, for example, model HBDV-II, from Brookfield Engineering Lab, Inc., 
Stoughton, MA, and a CP-51 spindle under ambient conditions (i.e., room temperature). 
It will be appreciated that a thixotropic index determined for a given composition 
changes when viscosity measurements are determined at different spindle speeds. 
Additionally, one composition cannot be directly compared to another composition when 
the thixotropic indices are determined at different spindle speeds. While not wishing to 
be bound by any particular theory, it is believed that this ;3 due, in part, to the shear 
conditions to which a composition is subjected during viscosity measurement 
determination. In general, increasing spindle speed tends to decrease viscosity in a non- 
linear fashion and thus, viscosity plotted against increasing spi::dle speed generates a 
unique viscosity profile which characterizes that composition. Preferably, an adhesive 
composition in accordance with the present invention has a thixotropic index from about 
4 to about 6 and a viscosity of about 40,000 cps at 5 rpm. 

A thixotropic index of an adhesive composition according to the invention may be 
increased by the addition of a thixotropic additive that increases the thixotropic index 
without altering the viscosity and adversely affecting other properties of the adhesive 
composition, such as the cure time, conductivity, stability , etc. Preferably, the 
thixotropic additive is selected from the group of polydimethylsiloxane treated silica, a 
trialkoxyalkylsilane treated silica, and mixtures thereof. The silica may either be fumed 
or fused silica. Examples of commercially available thixotropic additives include 
polydimethylsiloxane treated silica, available under the trade designation CAB-O-SIL 
N70-TS, from Cabot Corporation, Boston, MA; and trialkoxyalkylsilane treated silica, 
available under the trade designation AEROSEL R805, available from Degussa 
Corporation, Ridgefield Park, NJ. 
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Optional Additives 

As mentioned above, conventional instant setting adhesive compositions are 
typically not formulated for electronics packaging. According to the present invention, 
instant setting adhesive compositions can be modified to achieve the desired properties 
and characteristics necessary for electronics packaging processes with various optional 
additives. Such optional additives are added to improve the thermal stability, mechanical 
durability, electrical conductivity, dielectric strength, moisture resistivity, or other 
characteristics of the adhesive composition for a particular packaging application. 

Accordingly, an adhesive composition of the present invention preferably 
includes at least one optional additive selected from the group of a thermal stabilizer, a 
thickenerTa plasticizerTaTo a conductive filler, a dielectric additive, a moisture 

stabilizer, a curing inhibitor, an adhesion promoter, a storage stabilizer, a colorant (e.g., a 
pigment or a dye), an organic solvent, and mixtures thereof. Regardless of the number of 
optional additives included in an instant setting adhesive composition, the total amount of 
the optional additive can be about 85% by weight or less based on the total weight of the 
adhesive composition, depending upon the desired application for the instant setting 
adhesive composition. For example, in wafer level LOC applications, the total amount of 
the optional additive is about 20% by weight or less based on the total weight of the 
adhesive composition. 

1. Thermal Stability 

Preferably, an instant setting adhesive composition suitable for use in 
semiconductor applications has a thermal degradation temperature sufficiently high 
enough so that thermal decomposition of the cured adhesive is inhibited when substrates 
bonded together are in use. More preferably, an instant setting adhesive composition has 
a thermal degradation temperature of about 300°C or more. Also preferably, an instant 
setting adhesive composition has a glass transition temperature of about 180°C or more. 

In order to increase the thermal stability of an instant setting adhesive 
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composition, a thermal stabilizer can be added to the adhesive composition. Preferably, 
the thermal stabilizer is a compound selected from the group of an alkyl 2-cyano-2,4- 
pentadienoate; an alkyl 2-cyano-2,4-hexadienoate; an itaconic anhydride (e.g., U.S. 
Patent No. 3,984,749 to Konigm); a maleic anhydride (e.g., U.S. Patent No. 3,832,334 to 
O'Sullivan, et al.); a substituted napthasultone (e.g., U.S. Patent No. 5,424,343 to 
Attarwala); a di-a-cyanopentadienoate disiloxane (e.g., U.S. Patent No. 5,386,047 to 
Nakos et al.); a sulfur-containing compound such as a sulfoxide, a sulfonate, a sulfonate, 
etc. (e.g., U.S. Patent No. 5,328,944 to Attarwala et al.), an aromatic compound 
substituted with at least three electron withdrawing groups (e.g., U.S. Patent No. 
5,288,794 to Attarwala); a Afunctional monomer (e.g., a (meth)acrylic acid ester, an 
aliphatic polyol, an aromatic polyol, to name a few); an unsaturated ester of 2- 
cyanoacrylic acid (e.g., U.S. Patent No. 3,142,698 to Benjamin et al., and U.S. Patent 
No. 3,825,580 to Kato et al.); and mixtures thereof. Other thermal stabilizers can 
optionally be added to increase the thermal degradation temperature, glass transition 
temperature or both and can be selected from the group of Si0 2 , Al 2 O s , A1N, Ag, Ni, Fe, 
and mixtures thereof. 

An instant setting adhesive composition according to the invention is also 
suitable for use for attachment of heat sinks or as a heat sink itself. In these situations, it 
is desirable that the instant setting adhesive composition, a particularly preferred 
thermally conductive filler is silica coated aluminum nitride such as that commercially 
available under the trade designation SCAN, from Dow Chemical, Midland MI, and 
boron nitride, which is readily commercially available from a variety of sources. 

2. Mechanical Durability 

Mechanical durability of an instant setting adhesive composition may be 
improved by including a thickener, a plasticizer, and a toughener in an instant setting 
adhesive composition according to the invention. A thickener may be added to increase 
viscosity of an instant setting adhesive composition. For example, a thickener is 
particularly desirable to include in an instant setting adhesive composition including a 
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cyanoacrylate adhesive component because this type of adhesive composition typically 
has a viscosity of only about 10 to about 100 centipoises. However, a higher thixotropic 
index and a higher viscosity are desired for certain dispensing techniques, such as screen 
printing. Preferred thickeners are polymeric additives including, but not limited to, 
poly(methyl) methacrylate, methacrylate-type copolymers, acrylic rubbers, cellulose 
derivatives, polyvinyl acetate, and poly(a-cyanoacryiate). 

A plasticizer may be added to an instant setting adhesive composition in 
accordance with the present invention. The addition of a plasticizer is preferably 
included when it is desired to improve the aging characteristics of the adhesive 
composition after it is cured to decrease the brittleness. A plasticizer is preferably 
selected from the group of monofunctional and difunctional aliphatic esters of acids 
containing from 1 to about 10 carbon atoms. Examples of such plasticizers include 
dimethyl octyl sebacate and esters of malonic acid, difunctional aromatic esters, 
phosphates and phosphonates. 

A toughener may also be added to an adhesive composition. Typically, 
tougheners are polymeric additives and, are more preferably, selected from the group of 
acrylic elastomers, acrylonitrile copolymer elastomers, fluoro elastomers, and mixtures 
thereof. If used in sufficient amount, these polymeric additives may also serve as a 
thickener. 

Mechanical strength may also be improved by including Si0 2 and SiC in an 
instant setting adhesive composition of the invention. 

3. Electrical Conductivity 

Electrical conductivity may be improved by including a conductive filler in an 
instant setting adhesive composition according to the invention. Examples of conductive 
fillers include Ag, Ni, and Pd. An electrically conductive filled instant setting adhesive 
composition is typically required for applications such as for interconnect device 
backside conductivity or for wire bond monitoring system (WBMS). 
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4. Dielectric Property 

Because an instant setting adhesive composition according to the invention is 
suitable for attachment of a die to a leadframe, for example, it is desirable that the instant 
setting adhesive composition possess a dielectric constant of about 4 or less. 
Additionally, an instant setting adhesive composition is also suitable for use as an 
encapsulant. Dielectric strength may be increased by including Si0 2 or fluorinated 
polyimide in an instant setting adhesive composition according to the invention. 

5. Moisture Resistivity 

When desirable, a moisture stabilizer may be added to an instant setting adhesive 
composition according to the invention to improve adhesion function in increased 
humidity. This is particularly desirable when the ambient atmosphere has a high 
moisture content because instant setting adhesive compositions including a cyanoacrylate 
adhesive component tend to easily cure anionically in the presence of trace amounts of 
moisture. One preferred moisture stabilizer that can be added to an instant setting 
adhesive composition is an ester, wherein an alcohol residue of the ester contains a 
dipentaerythritol residue and an acid residue of the ester is an acrylic acid residue or a 
methacrylic acid residue, for example, as described in U.S. Patent No. 5,536,799 
(Takahashi et al.). Another preferred moisture stabilizer that can be added to an instant 
cure adhesive composition is a monomelic fluorinated ether of 
dimethylvinylethynylcarbinol, such as that described in U.S. Patent No. 4,167,546 
(Korshak, et al.). 

6. Adhesive Stabilization 

Other characteristics that may be altered are the adhesion of the substrates and 
the rate of cure. Thus, optional additives can further include an adhesion promoter and a 
storage stabilizer. 

An adhesion promoter can either be added to an instant setting adhesive 
composition according to the invention or it can be applied to the surface of the substrate 
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to be adhered prior to the application of the instant setting adhesive composition. For 
example, an adhesion promoter can be applied to a surface of the die 10 or a surface of 
the mounting paddles 12 to accelerate curing of the adhesive layer 20 (Figure IB). 
Suitable adhesion promoters include deionized (DI) water; 3,4,5-trihydroxybenzoic acid 
and esters thereof (e.g., U.S. Patent No. 4,139,693 to Schoenberg); and a quaternary 
ammonium compound having nitrogen bonded pendant C,-C 22 alkyl or hydroxyalkyl 
groups, such as those described in U.S. Patent No. 5,079,098 (Liu). 

Storage (or adhesive) stabilizers may also be used to stop polymerization at a 
desired thickness, at a gap between the bonded surfaces, or during storage of bulk instant 
setting adhesive compositions. Suitable adhesive stabilizers are generally either anionic 
polymerization inhibitors or free radical inhibitors. Suitable anionic polymerization 
inhibitors typically have a pIC, of about 4 or less and are usually acids, or anhydrides 
thereof. Examples of useful anionic polymerization inhibitors include sulfur dioxide, 
nitric acid, hydrogen fluoride, hydrochloric acid, sulfuric acid, phosphoric acid, sulfonic 
acid, carboxylic acid, acetic acid, carboxylic acid anhydrides, phosphoric acid 
anhydrides, sultones, acid chlorides, and the like. 

Suitable free radical inhibitors include phenolic compounds such as quinone, 
hydroquinone, t-butyl catechol, p-methoxyl-penol, and the like. 

7. Other Optional Additives 

Other optional additives that may be included in the adhesive composition of the 
present invention include a colorant (e.g., a pigment or a dye) as is known in the art. 

Packaging Applications 

Referring to Figures 1-2, packaging using a leadframe having mounting paddles 
is described. In this packaging method, an instant setting adhesive composition is 
applied in-line, as described below. A semiconductor die 10 is shown attached to a 
leadframe 14 in accordance with the present invention. As previously described, the 
leadframe is typically adapted to mount a plurality of dice. A semiconductor die 10 
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includes a pattern of bond pads 18 in electrical communication with the integrated 
circuits of the die 10. The leadframe 14 comprises a conventionally formed metal 
leadframe having mounting paddles 12 and paddle support bars 13. In addition, the 
leadframe 14 includes an arrangement of lead fingers 16. Wires 15 are bonded to the 
bond pads 18 on the die 10 and to bonding sites on the lead fingers 16 to form separate 
electrical paths therebetween. 

Figure IB illustrates a semiconductor package 17 after singulation from the 
leadframe 14. As shown in Figure IB, the package 17 includes the die 10, which has 
been attached to the mounting paddle 12 using a cured adhesive layer 20. Further details 
of the attachment process will be hereinafter described. The semiconductor package 17 
also includes a plastic encapsulant 19 which encapsulates the die 10 and portions of the 
lead fingers 16A. Leads 16A for the package 17 comprise trimmed and formed portions 
of the lead fingers 16 (Figure 1A). Additionally, the semiconductor package 17 may 
include a heat sink for dissipating heat generated in the device during operation. A heat 
sink 31a may be included within the encapsulant 19 in close proximity to the die 10. 
Alternatively, a heat sink 3 lb may be included on a surface of the encapsulant 19. 

Preferably, the method of the invention is practiced using an instant setting 
adhesive composition including an adhesive component selected from the group of a 
cyanoacrylate adhesive, an anaerobic acrylic adhesive, and mixtures thereof, as described 
above. The adhesive composition can be applied by any suitable in-line applying 
mechanism including screen printing, syringe applying, stenciling, dip coating, spraying, 
and dot shooting mechanisms. A total volume of the adhesive composition applied to the 
leadframe 12 (or to the die 10) is dependent on the size of the die 10 and a desired 
thickness of the adhesive layer 20 (Figure IB). A representative total volume of adhesive 
composition for a 4.4 mm x 9.4 mm die is preferably from about 0.0025 grams to about 
0.001 1 grams. The resultant adhesive layer 20 (Figure IB) preferably has a thickness 
from about 0.25 mils to about 2 mils. 

Preferably, immediately subsequent to applying the instant setting adhesive 
composition on the mounting paddles 12 (or alternately on the die 10), the die 10 can be 
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placed in contact with the adhesive composition. The applying and placing steps can be 
performed using a system 22, which is shown schematically in Figure 3. This illustrative 
system 22 can include components of a conventional die attach machine configured for 
polymer bonding of die to leadframes. One suitable die attach machine is manufactured 
by ESC Manufacturing Company of Ivy Land, Pennsylvania, and is designated a Model 
No. 9200. It will be recognized by one skilled in the art that alternate system 
configurations may be used to carry out the processes described herein. 

The system 22 can include a leadframe feed mechanism 42 for manipulating the 
leadframes 14, and a vacuum tool 44 for manipulating the die 10. In addition, the system 
22 can include a applying mechanism 46 for applying a desired volume of instant setting 
adhesive composition to the mounting paddles 12 (Figure 1 A) of the leadframes 14. 

The system 22 can also include an optical alignment device 48 for aligning the 
die 10 to the mounting paddles 12. Still further, the system 22 can include a die support 
platform 50 for placing the die 10 in contact with the mounting paddles 12 with a 
required pressure. Preferably, this pressure can be in the range of 75 to 100 gm/die. The 
pressure is generally applied in conjunction with heat. According to the present 
invention, a bonding temperature is preferably about 200°C or less. This bonding 
temperature is somewhat less that what is applied when conventional thermoplastic 
adhesive compositions are used. Conventional thermoplastic adhesive compositions 
typically utilize a bonding temperature of about 300°C or more. 

Curing or polymerizing the instant setting adhesive composition initiates when 
the die 10 is placed in contact with the instant setting adhesive composition on the 
mounting paddles 12. With the adhesive sandwiched between the die 10 and mounting 
paddles 12, a small amount of moisture contained on the mounting paddles 12 at the 
bonding temperature is generally sufficient to initiate anionic polymerization of the 
instant setting adhesive to form the cured adhesive layer 20 (Figure IB). Curing of the 
instant setting adhesive composition is preferably completed in a period of time from 
about 1 second or less. In this manner, the semiconductor die 10 can be bonded to 
leadframe 14 without heating the die 10 or leadframe 14. The adhesive layer 20 (Figure 



IB) formed in this manner is sufficiently strong to withstand conditions to which die will 
be exposed to during use in electronic equipment. 

Additionally, an instant setting adhesive composition of the present invention 
may be used to attach the heat sink 31a or 31b or it may form the heat sink itself. In 
either instance, it is preferable that the instant setting adhesive composition possess 
suitable thermal stability characteristics, as described above. The system 22 (Figure 3) 
may include a mechanism for applying the instant setting adhesive composition prior to 
application of the heat sink or to form the heat sink, as desired. 

Referring to Figures 4 and 5, another packaging application using an instant 
setting adhesive composition applied in-line is described. A lead-on-chip (LOC) die 1 10 
and a lead-on-chip (LOC) leadframe 1 12 are shown. The LOC die 1 10 is thin, flat, and 
generally rectangular in shape and includes a die face 1 14, or active side, wherein the 
integrated circuitry is formed. A plurality of die wire bonding pads 1 16 are formed 
across the center and side edges of the die 110 in electrical contact with the integrated 
circuitry of the die 1 10. 

The leadframe 1 12 is formed from metal sheet and includes side rails 118, 120 
formed with indexing holes 122. The indexing holes 122 facilitate transport and indexing 
of the leadframe 1 12 by automated packaging machinery. The leadframe 1 12 also 
includes sidebars 124, 126 (or dambars) for increased rigidity and to limit the flow of 
encapsulating material during the encapsulation process. The side rails 1 18, 120 and 
sidebars 124, 126 are trimmed away during a trim and form operation. 

Furthermore, the leadframe 1 12 includes a plurality of generally parallel and 
spaced lead fingers 128. During the packaging process, the die 1 10 is attached to at least 
a portion of the lead fingers 128. Attachment is accomplished using an instant setting 
adhesive composition as described herein. The instant setting adhesive composition may 
be applied to portions of the leadfingers 128 or to portions of a face of the die 110 
resulting in a cured layer between the portions of the die 1 10 and portions of the lead 
fingers 128. 

The lead fingers 128 are connected to thin bond wires 130 (Fig. 5), which also 
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connect to the wire bond pads 1 16. The lead fingers 128 thus function to electrically 
connect the integrated circuitry of the LOC die 1 10 to external circuitry (e.g., a printed 
circuit board). In addition, the lead fingers 128 function to support the LOC die 1 10 
during the packaging process and to facilitate heat transfer from the LOC die 1 10. The 
leadframe 1 12 also includes bus bars 132 for making multiple connections to the wire 
bond pads 1 1 6. 

Referring to Fig. 5, the packaged LOC die 1 10 or semiconductor package (or 
module) 134 is shown. The semiconductor package 134 includes an encapsulating 
material 136 which encapsulates the chip 1 10 and all but a terminal portion 138 of the 
lead fingers 128. Kinks 140 in the lead fingers 128 help to strengthen the assembly. The 
encapsulating material 136 may be formed from an instant setting adhesive composition, 
as described above. The LOC die 1 10 is located in the center of the package 134 with the 
wire bond pads 1 16 of the die 1 10 connected to the thin bond wires 130, which in turn 
connect to the lead fingers 128. Portions of the lead fingers 128 are attached to the front 
side 1 14 of the die 1 10, or to an alpha barrier (not shown) attached to the die 1 10 using 
an instant setting adhesive composition. Prior to encapsulation, the lead fingers 128 
provide the only physical connection between the leadframe 112 and the LOC die 1 10. 
In a lead-under-chip (LUC) device, packaging may be accomplished by applying an 
instant setting adhesive composition in-line to at least portions of a back side of the die or 
to portions of the lead fingers to which the die is attached- 
Referring now to Figs. 6 - 12, a semiconductor wafer 142 including an instant 
setting adhesive composition 146 dispensed thereon and packages resulting therefrom, in 
accordance with the invention are described. The wafer 142 is manufactured for 
producing a plurality of dice 144 using various techniques which are known in the art. In 
accordance with the method of the invention, a first side of the wafer 142, shown as a 
front side 150 of the wafer 142, is coated with an instant setting adhesive composition 
146. Deposition of the adhesive composition 146 may, for example, follow the 
deposition of a final insulating/passivating layer on the wafer 142. Alternately, as shown 
in Figure 10B, the back side 151 of the wafer 142 may also be coated with an instant 
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setting adhesive composition 146 for lead-under-chip (LUC) die bonding, conventional 
die bonding, or as an adhesive interface for chip stacking. 

The present invention includes applying an instant setting adhesive composition 
on at least a portion of a wafer, singulating dice from the wafer, and attaching a die to at 
least a portion of a Ieadframe. Further, the instant setting adhesive composition is 
applied on a first surface of a semiconductor wafer in a configuration wherein a plurality 
of portions having the instant setting adhesive composition dispensed thereon are 
separated by zones that are essentially free of the instant setting adhesive composition. 
The first surface of the wafer on which the instant setting adhesive composition is 
dispensed can be a front side of the wafer for attaching lead-on-chip (LOC) dice to a 
Ieadframe, or it can be a back side of the wafer for attaching lead-under-chip (LUC) dice 
to a Ieadframe (or a mounting paddle) or for chip stacking. 

An instant setting composition 146 is preferably dispensed on the wafer 142 (and 
die 144) with a thickness of between about 8 \xm to about 200 {im. The instant setting 
adhesive composition 146 may be applied to the wafer 142 in a pattern by any suitable 
deposition method. Preferable application methods are selected from the group of screen 
printing, deposition and patterning, syringe applying, stenciling, dip coating, spraying, 
dot shooting, and combinations thereof. 

One preferred method is a screen printing process. A screen printing process is 
similar to a silk screening process used for printing T-shirts and artwork. Such a process 
is shown schematically in Fig. 1 1 A. With a screen printing process, the wafer 142 is 
coated with an instant setting adhesive composition 146 dispensed from a nozzle 172. A 
patterned screen 166 is situated between the wafer 142 and the nozzle 172 to provide the 
desired pattern. In addition, a dockering roller 168 (or blade), movably mounted for 
motion across the screen 166, as indicated by arrow 170, can be used to aid in the 
distribution of the adhesive. 

Another preferred method is a stenciling process. A stenciling process is shown 
schematically in Fig. 1 IB. In a stenciling process, a stencil 167 is placed over the desired 
surface to be coated with the instant setting adhesive composition. The stencil 167 is 
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about 5 kg of applied force. Heat is also applied at a temperature of about 200°C or less. 
Typically, a bond forms in about 1 second or less. 

Following attachment of the die 144 and lead fingers 158, 160, fine bond wires 
162, 164 can then be attached to the bond pads 154 of the die 144 and to the lead fingers 
158, 160 during a wire bonding process. Additionally, any other electrical connecting 
processes may be used for connection of bond pads to lead fingers. For example, TAB 
bonding may be used as opposed to wire bonding. 

After wire bonding, an encapsulation process is performed to complete the 
semiconductor package. An instant setting adhesive may be used to encapsulate the die. 
The result is a package substantially similar to the package described with reference to 
Figs. 4-5. Further, a step of attaching a heat sink (not shown) can be included in a 
method in accordance with the invention, such as described with reference to Fig. IB. In 
one embodiment, attaching a heat sink generally includes applying an instant setting 
adhesive composition on at least one surface of the die either prior to or after singulation 
from the wafer and attaching a heat sink thereto. In an alternative embodiment, attaching 
a heat sink generally includes applying an instant setting adhesive composition on at least 
one surface of the packaged die or encapsulated package, i.e., the instant setting adhesive 
composition functions as the heat sink. In either embodiment, the instant setting 
adhesive composition is thermally conductive. In these applications, the instant setting 
adhesive composition preferably contains a conductive filler, more preferably a thermally 
conductive filler, as described above. The heat sink dissipates heat generated when the 
electronic package is in operation. 

In addition to forming an adhesive layer 147 for attaching the die 144 to the lead 
fingers 158, 160 or a leadframe, an instant setting adhesive composition 146 can also be 
formulated to function as an additional passivating/insulating layer for the wafer 142 and 
the die 144. As an example, the instant setting adhesive composition 146 may be 
formulated to provide complete coverage of the die 144 similar to a die coat for BTMS 
(bottom to top metal shorts and thin film crack) protection. The instant setting adhesive 
composition 146 may also be formulated in some applications to function as an alpha 
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barrier. In genera], alpha barriers preferably have a melting temperature in excess of 
175°C and do not contain ionizable species such as halides and active metals. 

In a further packaging process, an instant setting adhesive composition 174 is 
applied directly to the lead fingers 176 of a leadframe 178 instead of to the front side of 
the wafer or die, as previously described. The adhesive composition 174 may be 
deposited in a pattern that matches the placement of the lead fingers on the die (e.g., just 
the ends of the lead fingers 176). As an ex ample, the adhesive composition 174 can be 
dispensed on the lead fingers 176 using a spray on applying system similar to the screen 
printing process shown in Fig. 12. In addition, an electrostatic charge can be utilized to 
aid in the distribution of the adhesive composition on the lead fingers 176. This can be 
accomplished by charging an instant setting adhesive composition and influencing its 
deposition pattern on the lead fingers 174 using suitably located charge plates. 

Further applications will be recognized by those with skill in the art. For 
example, an instant setting adhesive composition may be used in leadless chip carriers, 
surface mount carriers, and chip on board modules. 

Example 1 

An instant setting adhesive composition including a cyanoacrylate adhesive 
monomer commercially available from Loctite Corporation, Rocky Hill, Connecticut, 
under the trade designation "416 " was applied as a pattern of dots to the mounting paddle 
of a copper leadframe. A total volume of the adhesive monomer was about 0.005 grams. 
A semiconductor die having a 3 mm x 5.6 mm footprint was manually positioned upon the 
mounting paddle. Curing occurred within about 10 seconds to form an adhesive layer 
about 0.2 mils thick. The adhesion force of the resulting bond was measured to be about 
1 .7 kg. Application and curing of the adhesive was performed at a room temperature of 
between about 20° C to 30° C. 

Example 2 

A plurality of semiconductor die having a footprint of 3 mm x 5.6 mm were 
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secured to separate mounting paddles of a copper alloy leadframe using a Model No. 9200 
die attacher from ESC Manufacturing Company, Warrington, Pennsylvania. Different 
cyanoacrylate adhesive monomers sold by Loctite Corporation, Rocky Hill, Connecticut, 
under the trade designations "410" and "416," were applied and cured at a room 
temperature of from 20° C to 30° C A total volume of adhesive was about 0.005 grams 
applied in various dot patterns to form adhesive layers about 0.2 mils thick. Both 
adhesives were found to cure in seconds with a bonding force of about 1.7 kg/die. 

All patents, patent documents, and publications cited herein are incorporated by 
reference as if each were individually incorporated by reference. Various modifications 
and alterations of this invention will be apparent to those skilled in the art without 
departing from the scope and spirit of this invention, and it should be understood that this 
invention is not limited to the illustrative embodiments set forth herein. 
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